constitute the best-studied class of proteins that become localized to this small patch of the muscle fiber membrane, and their restriction to synaptic sites during development is a hallmark of the inductive events of synapse formation. The spatial patterning of AChRs on motor axon projections, and motor neuron-derived sig-
nals to examine more definitively whether AChR gene and synaptophysin (Syn), respectively, and AChRs were visualized by ␣-bungarotoxin (␣-BGT) labeling. In wildexpression in muscle is spatially restricted in a manner independent of innervation. We show that AChR gene type mice, the main intramuscular nerve is located in the central region of the muscle and is oriented perpentranscription and AChR clusters are patterned in developing skeletal muscle in the absence of motor neurons dicular to the long axis of the muscle fibers. Motor axons branch and terminate adjacent to the main intramuscular and their axons. We also find that AChR transcription and clustering occurs in the absence of neurally supnerve, resulting in a narrow, distinct endplate zone in the middle of the muscle, marked by presynaptic nerve plied Agrin but is dependent upon MuSK expression. The nerve, however, does have a role in refining the terminals and a high density of AChR clusters ( Figure  1 ). In HB9 mutant embryos, no motor axons were deAChR prepattern by further restricting the domain of AChR gene expression. But neuronal NRG-1 is not retected in or near the diaphragm muscle (E12.5-E18.5) (Figure 1 ; data not shown), yet AChRs were still clustered quired to promote the mature pattern of AChR transcription in skeletal muscle, nor to induce synapse-specific in the central region of the muscle (Figure 1 ). We also examined muscle AChR distribution in mice transcription. Taken together, these results demonstrate that muscle is patterned in the absence of innervation lacking motor neurons themselves, from early developand raise the possibility that spatial cues that restrict mental stages. To eliminate motor neurons early in deaxon growth and promote synapse formation might be velopment, we crossed an HB9 cre mouse line, which exprovided by molecules that are also prepatterned in presses Cre recombinase selectively in motor neurons, muscle.
with We were concerned, however, by the fact that sensory and/or autonomic axons that are found at the periphery in the central region of muscle lacking nerve terminals ( Figures 3C and 3D) . The position and width of the band of diaphragm muscle by E16.5 (Yang et al., 2000), and synthesize neural isoforms of Agrin (Ma et al., 1995) , of nonsynaptic AChR clusters in innervated muscle was similar to that found in muscle of HB9 mutant mice might provide signals that pattern muscle AChR expression at late embryonic stages. We therefore analyzed the lacking motor axons (Figures 1 and 2 , and see below). In contrast, in innervated muscle of wild-type mice exdiaphragm muscle of HB9 and top 2␤ mutant embryos at E15, prior to the arrival of sensory and/or autonomic amined at E18.5, AChRs were clustered only at synaptic sites (Figures 1 and 2) . These results provide evidence axons, and found that AChRs were still clustered in the central region of the muscle (Figures 3A and 3B) . Thus, that motor innervation ultimately extinguishes nonsynaptic AChR clusters present in the central region of muscle exhibits patterned AChR expression in the absence of all peripheral innervation. muscle at an earlier stage of synapse formation. The existence of a prepattern of AChRs in noninnervated muscle in turn raised the issue of the distribution
Prepatterning of AChR Gene Expression
The mechanisms that control AChR subunit gene tranof AChRs during the early stages of muscle innervation in wild-type embryos. In embryos examined at E15, scription are thought to be distinct from those that control AChR clustering (Burden, 1998). We therefore examAChRs were clustered both at synaptic sites and at sites ined whether AChR gene transcription is also patterned How can these findings be reconciled with our observations that AChR clusters are spatially patterned in musin the absence of motor innervation. We used in situ hybridization to assess the pattern of AChR subunit cle that has never received motor innervation? One potential explanation invokes the idea that the arrival of gene expression in whole-mount preparations of muscle from wild-type, HB9 mutant, and HB9 How might the pattern of AChR transcription be remice is unlikely to be caused by the broad and uniform fined? One possibility is that nerve-induced electrical release of acetylcholine (or other neural signals) from activity in muscle reduces AChR transcription throughthe widely distributed ectopic motor axons evident in out the myofiber, and this repressive effective is counthese mutants.
teracted by the ability of neuronal NRG-1 to stimulate AChR transcription locally in prospective synaptic nuclei. We therefore examined whether neuronal NRG-1 A NRG-1-Independent Neural Signal Refines is required to promote the mature localized pattern of the Muscle-Autonomous AChR Pattern AChR transcription in skeletal muscle. Mice lacking Even though the results described above provide evi-NRG-1 die from defects in cardiac development at dence for a prepattern of AChR gene transcription and E10.5, several days prior to neuromuscular synapse AChR clusters, the spatial features of AChR expression formation (Meyer and Birchmeier, 1995). To circumvent were distinct from those observed normally at develthis early lethality, we inactivated NRG-1 selectively in oping synapses. In wild-type, innervated embryos exmotor and sensory neurons, leaving muscle NRG-1 examined at E18.5, the band of AChR clusters was 7% Ϯ pression intact. To achieve this, we crossed Isl1 cre mice, 4% of muscle length, and the band of AChR mRNA was which express Cre recombinase selectively in motor and 8% Ϯ 3% of muscle length (Figures 1 and 4 Figures 1 and 4) . These results raise the possibility that signals from motor neuIsl1 cre/ϩ ; nrg-1 flox/Ϫ embryos were recovered at ex- pected frequencies at E18.5, indicating that inactivation Procedures). This result provides strong evidence that NRG-1 expression is markedly reduced or absent from of nrg-1 selectively in motor and sensory neurons circumvents the early embryonic lethality of constitutive motor and sensory neurons. Strikingly, we found that the pattern of AChR ␣ and nrg-1 mutant mice. Nonetheless, most ‫)%09ف(‬ neuronal nrg-1 mutant mice died at birth with a phenotype identi-␦ subunit transcription was normal in neuronal nrg-1 mutant embryos ( Figure 7C) . 8B and 8D) . duced in the agrin mutants we studied (Gautam et al., 1996) , and thus we favor the idea that MuSK is activated
In addition, we emphasize that we have not analyzed expression of the AChR ⑀ subunit gene, which is actiin developing muscle in a manner independent of Agrin. 
Functional Relevance of a Muscle Prepattern Neural Refinement of AChR Prepattern

